Background: The diagnosis of equine protozoal myeloencephalitis (EPM) relies heavily on the clinical examination. The accurate identification of neurologic signs during a clinical examination is critical to the interpretation of laboratory results. Objective: To investigate the level of agreement between board-certified veterinary internists when performing neurologic examinations in horses.
quine protozoal myeloencephalitis (EPM) is a common neurologic disease of the horse characterized by abnormalities of gait and other neurologic deficits that may be referable to any part of the central nervous system. Clinical signs most frequently are attributed to spinal cord disease. The Veterinary Teaching Hospital (VTH) at The Ohio State University had a very high caseload of horses with EPM because of referrals to the medicine service. In addition, the majority of all horses with neurologic disease admitted to the VTH had EPM. Thus, our study was primarily focused on EPM.
The diagnosis of EPM relies heavily on the clinical examination. The sensitivity and specificity of the Western blot analysis for antibodies to S. neurona in cerebrospinal fluid (CSF) have been reported to be 89 and 89%, respectively, based on comparison to postmortem evaluation in severely affected horses. 1 The prevalence of EPM must be considered when interpreting the results of the assay for S. neurona antibody to establish a diagnosis of EPM. 2 The positive predictive value of a positive test is markedly decreased when the prevalence of disease is low, as is the case for the prevalence of EPM among neurologically normal horses. 2 Thus, the accurate identification of neurologic signs during a clinical examination is critical to the interpretation of laboratory results.
Since the original Western blot was described in 1997, several other antibody tests have been developed using other methods of testing. 3 In California, an immunofluorescent antibody test was developed and then likelihood ratios of infection were based on antibody concentration in serum and CSF. 3 A novel test was developed at Equine Diagnostic Solutions LLC a in Lexington, Kentucky, using SnSAG2 and SnSAG4/3 ELISA and the ratio of the serum titer to CSF titer was determined. 4 Likelihood ratios and diagnostic sensitivity and specificity were calculated based on serum titers, CSF titers, and the serum-to-CSF titer ratio. This combination resulted in excellent sensitivity (86.4%) and specificity (95.9%) when the cutoff was extremely rigorous (cutoff ratio of ≤50). 4 Methods are available to assess agreement among clinicians or the repeatability of a clinician's assessment of the same patient, but these have not been used to rate interobserver agreement or repeatability of neurologic examination of horses. 5 Other methods also are used to rate interobserver variation in neurologic examinations. One example is a standard 2 9 2 table to describe prevalence, sensitivity, specificity, and validity of the clinical examinations. 6 In another study, a method using intraclass correlation coefficients (ICC) was applied. 7 Other studies 8, 9 have used kappa to assess interexaminer agreement in assessment of lameness in horses. However, in yet another study, 10 the Kendall coefficient of concordance was used. All of these methods achieve the same end result using different mathematical models.
There is good agreement among observers when performing neurologic examination on human patients regarding assessment of the speed of limb motion, fluency of movement, variability in patterns of arm movement, and global judgment of movement in human infants, but poor agreement in the assessment of the amplitude of movement, variability of movement patterns, and variability of leg movement patterns.
11 Similar information is not available regarding the clinical evaluation of signs of neurologic disease (especially EPM) in the horse. The purpose of our study was to determine the agreement among observers performing a standardized neurologic examination on horses.
Materials and Methods

Study Design
The study was conducted in accordance with the guidelines of the Institutional Animal Care and Use Committee (IACUC) of The Ohio State University. The study population consisted of horses admitted to the Veterinary Teaching Hospital at The Ohio State University from December 1997 to June 1998. Upon admission, the attending medicine clinician performed a complete neurologic examination. A second clinician who was masked to the horse's history then conducted an independent neurologic examination soon after the initial examination on the same day. There were no ancillary tests performed, and horses were not sedated for examination. Owners and trainers were advised not to talk to the masked examiner, also referred to as observers. Four clinicians who were board-certified in internal medicine participated in the study.
All clinicians performed neurologic examinations according to a standardized protocol (Fig 1) . Briefly, the horse was observed in the stall for evidence of behavior abnormalities and cranial nerve deficits that might be related to brainstem or peripheral cranial nerve lesions. The clinician also evaluated the horse for abnormalities in posture or coordination and proprioceptive deficits. Gait was evaluated outside the stall as the horse moved in a straight line at the walk and trot, while walking in wide and tight circles, and backing. Horses also were walked up and down a gradual (15°-20°) as well as a steep (35°-45°) incline, and made to walk over objects on the ground. Results of the neurologic examination were categorized as binary outcomes: abnormal neurologic signs (yes/no), asymmetry of signs (yes/no), abnormal cranial nerve signs (yes/no), weakness (yes/no), spasticity or hypermetria (yes/ no), and ataxia (yes/no). The overall severity of neurologic signs was evaluated using a grading system: grade "0" for normal horses, grade "1" for abnormalities difficult to see by experienced clinicians, grade "2" for neurologic deficits readily detected by a thorough clinical examination, grade "3" for horses in which neurologic signs were obvious from a distance, grade "4" for horses that had neurologic deficits characterized by falling if turned in circles, and grade "5" for horses that were recumbent and unable to rise. Half scores were used when considered appropriate by clinicians (half scores denoted as "+"). Severity of neurologic deficits was further categorized to facilitate analysis (mild, moderate, and severe). Horses were considered to be mildly affected if abnormalities were grades 1 or 2, moderately affected if abnormalities were grades 2+ to 3+, and severely affected if abnormalities were grades 4 or 5.
Statistical Analysis
Clinical findings of both the attending clinician and the blinded observer were recorded and entered into a Corel Paradox 8 b database. Data regarding the clinical examinations were exported to Microsoft Excel c for calculation of 2 by 2 tables for statistical analysis. Agreement among observers was assessed by the kappa statistic (K) which evaluates the proportion of agreement that occurred beyond that expected by chance. 5 The agreement beyond chance was calculated as the proportion of observer agreement (P o ) minus the proportion of expected agreement (P e ). The maximum possible excess is 1 -P e . 5 The kappa statistic is a ratio of these 2 differences:
Generally, kappa values of 0 to 0.4 are interpreted as indicating poor agreement, values of 0.40-0.74 are interpreted as indicating good agreement, and values of 0.75-1.0 are interpreted as indicating excellent agreement. 12 Variance was used to estimate the standard deviation of the K statistic as previously described. 12 A 95% confidence interval (CI) then was calculated using the following formula: K AE 1.96 9 standard deviation (SD).
Results
Ninety-seven horses were enrolled in the study. Examiners 1 and 2 performed neurologic examinations on 54 horses; 14 horses were evaluated by examiners 1 and 3, 11 horses were evaluated by examiners 1 and 4, 8 horses were evaluated by examiners 2 and 3, and 10 horses by examiners 2 and 4. Overall, examiners agreed that 60/97 (61.9%) were clinically abnormal, 21/97 (21.6%) were clinically normal, and examiners disagreed on results of 16/97 (16.5%) horses (Table 1) .
Cranial nerve deficits were identified in 7.2% (7/97) of horses and involuntary movements such as muscle tremors or muscle fasciculations were identified in 6.2% of horses (6/97). There was complete agreement among the examiners with regard to these signs.
Examiner 1 was considered the primary examiner, and examiner 2 was considered the primary examiner when examiner 1 was not involved in the case. Of the 97 horses enrolled in the study, the primary examiners considered 25 (25.8%) horses to have no neurologic deficits, 49 (50.5%) were classified as mildly affected, 17 (17.5%) were moderately affected, and 6 (6.2%) were classified as severely affected. Disagreement on assessment of severity of clinical signs occurred in 3 l horses, and 25 of these horses (80.6%) were considered to be normal or mildly affected by the primary examiner. There was wide variability in the kappa statistics for all paired clinical examinations in the 11 categories assessed. For both cranial nerve signs and involuntary movements, there was excellent agreement 100% of the time (K = 1). When the examiners rated the presence or absence of neurologic signs, and the presence or absence of lameness or ataxia, the agreement was either good or excellent for 80% of the horses (Table 2) . Agreement for truncal sway was good or excellent for 60% of the horses (Table 2 ). When rating the asymmetry of abnormalities or weakness, agreement was either good or excellent for 40% of horses ( Table 2 ). Agreement was good or excellent for only 20% of horses when assessing muscle atrophy, spasticity, and the overall severity of clinical signs ( Table 2) .
Between examiners 1 and 2, after examination of 54 horses, there was excellent agreement (K ≥ 0.75) with regard to ataxia and weakness. There was good agreement (K = 0.4-0.74) between these examiners with regard to the presence or absence of neurologic signs, lameness, symmetry of neurologic signs, spasticity, and severity of the neurologic signs. With regard to muscle atrophy and the presence or absence of truncal sway, there was poor agreement (K < 0.4).
Ten horses were examined by clinicians 1 and 3. There was good agreement (K = 0.4-0.74) regarding the presence or absence of neurologic signs, truncal sway, lameness, as well as ataxia. There was poor agreement (K < 0.4) between the clinicians for muscle atrophy, asymmetric neurologic signs, weakness, spasticity, and severity of the neurologic signs.
Eleven horses were evaluated by examiners 1 and 4. Good agreement (K = 0.4-0.74) was present for the presence or absence of neurologic signs, lameness, ataxia, and weakness. There was poor agreement (K < 0.4) regarding asymmetry of neurologic signs, spasticity, and severity of the neurologic signs, and no agreement for the presence or absence of muscle atrophy.
Eight horses were evaluated by examiners 2 and 3. There was excellent agreement (K ≥ 0.75) between these examiners for the presence or absence of muscle atrophy, truncal sway, and asymmetry of neurologic signs. There was no agreement for spasticity. There was good agreement (K ≥ 0.4 and K < 0.75) for the presence or absence of neurologic signs and ataxia, but poor agreement (K < 0.4) for assessment of lameness, weakness, and severity of the neurologic signs.
Ten horses were evaluated by examiners 2 and 4. There was no agreement between these clinicians for muscle atrophy, truncal sway, and severity of neurologic signs. There was excellent agreement (K ≥ 0.75) for the presence or absence of lameness. Poor agreement was found for the presence or absence of neurologic signs, asymmetry of neurologic signs, ataxia, weakness, and spasticity.
Examinations sometimes occurred several hours apart, and in some cases on different days. Reports by technical staff and students who were present during both examinations suggested that some horses were noticeably different from 1 examination to the next.
Discussion
The agreement among observers was either good or excellent for 80% of horses when evaluating for the presence or absence of neurologic abnormalities. This information demonstrates that, despite the subjectivity of the neurologic examination, a reasonable level of agreement among observers may be achieved. Agreement was best among observers when examiners were assessing the presence or absence of neurologic signs, lameness, ataxia, and truncal sway, and agreement was worst when assessing muscle atrophy, spasticity, and severity of neurologic deficits.
Despite the reasonable level of agreement seen in this study, these results also show that there can be considerable interobserver variability in the recognition of clinical signs of neurologic disease in the horse. This result may have been affected by the population of horses used in our study, of which, over 75% of the horses were considered normal or mildly affected. Not surprisingly, most of the disagreement among clinicians (>80%) occurred regarding horses in those 2 categories. There was little disagreement when examining severely or moderately affected horses. According to some authors, a kappa value of 0.5-0.6 would be expected regarding interobserver agreement among experienced clinicians when attempting to diagnose conditions that are moderately difficult to identify. 5 Diagnosing neurologic disease in mildly affected horses would meet the definition of a moderately difficult diagnostic task. There were 55 possible opportunities for measuring agreement with 11 categories regarding clinical signs and 5 pairs of observers. In this investigation, agreement in 26 of 55 measurements had kappa values ≥0.5. The highest kappa statistics were observed between examiners 1 and 2, based on examination of 54 horses. Good or excellent agreement was observed in all but 2 of the 11 categories. The other comparisons between pairs of observers were only based on examination of 8 to 14 horses. If these examiners had examined more horses, the overall kappa statistics may have improved. Clinical examinations are inherently subjective and historical information can bias the examiner. We attempted to remove this bias by use of a blinded observer. However, we may have introduced another source of disagreement because both examiners did not have the same information regarding the horse involved. In this context, the estimates of agreement may have been conservative. Perhaps the most important category evaluated by clinicians was the general assessment of the presence or absence of neurologic deficits. In our study, assessment of agreement of examiners in this category was good for 4 of 5 pairs of examiners. Considering that >75% of the horses were normal or mildly affected, this is an acceptable agreement level. Lameness and ataxia also had good agreement with 3 of 5 pairs of examiners.
Little information is available with regard to interobserver variation in clinical diagnoses of other conditions in veterinary medicine. 5 One of the few published studies of interobserver variation in veterinary medicine involved abdominal auscultation in the horse. 6 There was good intraobserver agreement (K = 0.57), but poor interobserver agreement (K = 0.37) in the assessment of abdominal sounds in these horses. 13 However, even with poor agreement between observers, the authors concluded that the level of agreement documented was significant. 13 Similar studies have been performed when examining horses for lameness. In 1 study, the level of agreement was only 66%, leaving observer error of 34% using the verbal rating scale (VRS) score whereas using the numerical rating scale (NRS) it was 72%, leaving observer error of 28%. 13 In another study, the clinicians agreed 61.9% (K = 0.23) of the time when lameness score was less noticeable (score <1.5/5), whereas, the clinicians agreed 93.1% (K = 0.86) of the time when the lameness was more apparent (score >1.5/5).
8 Such a finding is not unusual, because the same issues arise when horses with mildly neurologic signs are examined. For example, in another study, the intra-assessor scores were highly repeatable, but when comparing ≥2 examiners the results were disappointing (K = 0.41), when utilizing the scores of 1 assessor, however, the results were much better (K = 0.58 and K = 0.78). 9 Neurologic signs may fluctuate between observation periods, particularly when signs are caused by infectious diseases.
14 Neurologic signs may have varied from examination to examination, which may have contributed to disagreement among examiners. There are other reasons for poor agreement such as lack of a standardized diagnostic evaluation or a difference in the knowledge base among observers based on experience with different breeds of horses. 5 However, the clinicians participating in the investigation had 18 to 26 years of experience in equine internal medicine and had worked together for a minimum of 5 years. A standardized clinical examination was used by all clinicians and a standardized form was used for recording clinical observations. It has been suggested that some of the errors that frequently occur in neurologic examinations include erroneous interpretation of motor function, overlooking muscle fasciculations and muscle atrophy, missing subtle changes in gait, and frequent errors in sensory testing as a result of the examiner's technique. 15 This suggestion is consistent with the findings of our study. Although there was 100% agreement in the diagnosis of involuntary movements, there was poor agreement in assessment of muscle atrophy and spasticity.
Another important reason for errors in the emergency room is a lack of attention to detail rather than lack of knowledge, 16 and it is possible that this lack of attention to detail contributed to our observed lack of agreement because our study was conducted during a period of a heavy caseload.
Our study suggests that agreement among observers was good, considering the level of difficulty in examining this population of horses. This information is important to the veterinary profession and may provide a baseline for future research. These results attest to the reproducibility and value of clinical examinations when performed by competent, experienced equine internists. 
